A liquid culture technique was used t o study regulation of human megakaryocytopoiesis in vitro. Low-density cells from adult bone marrow were cultured in the presence of normal plasma, plasma from patients with aplastic marrows (AP), recombinant human granulocyte-macrophage colonystimulating factor (rhGM-CSF) and interleukin-3 (IL-3). Megakaryocytes (MK) were studied at day 10 of culture by a two-color staining technique using a pool of monoclonal antibodies for their identification and propidium iodide t o label DNA. Their ploidy distribution was analyzed by flow cytometry. In some experiments cytoplasmic maturation was also studied by ultrastructural techniques. Normal plasma provides a low number of MK with a ploidy distribution including 8 N and 16 N MK. AP promoted in a dose-dependent manner proliferation of MK and some batches favored endoreplication. This effect was clearly demonstrated when ploidy distribution was compared between normal plasma and AP on parallel marrow cultures. However, ploidy distribution was shifted toward low values compared with uncul-EGULATION OF megakaryocytopoiesis is a complex R phenomenon that leads to production of platelets.
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EGULATION OF megakaryocytopoiesis is a complex
R phenomenon that leads to production of platelets.
This production is dependent upon the number of megakaryocytes (MK) in the marrow and on their size, because platelets arise from fragmentation of the MK cytoplasm. This last parameter is usually correlated with MK ploidy. Therefore, platelet production can be regulated at two levels: firstly, at early steps of differentiation by cell proliferation causing an increase in MK numbers and, secondly, at later stages by endoreplications that increase DNA content and the size of MK. ' The MK colony-forming unit (CFU-MK) assay identifies changes induced by stimulating factors on the plating efficiency of MK progenitors. Initially, the later stages of differentiation were investigated in vivo and these investigations were, therefore, limited.* More recently ploidization and terminal differentiation have been studied in vitro using the CFU-MK assay after labeling of colonies by DNA dye3-' and differentiation marker pr0bes.8,~ However these techniques are slow and tedious, especially for ploidy measurement because they require analysis of individual MK by microscopy. tured MK. rhGM-CSF had no significant effect on these two parameters. In contrast, rhlL-3 from 0.1 U/mL t o 100 U/mL had a proliferative effect but was unable to induce endoreplication. Furthermore, when associated with AP it totally abrogated the effect of AP on endoreplication because in most experiments more than 90% of MK were 2 N and 4 N.
This effect was also observed when rhlL-3 was added after 7 days of culture (when it has little proliferative effects).
Studies of the maturation of MK grown with rhlL-3 indicate that the majority were small mature cells synthesizing a-granules and demarcation membranes. The effect of AP on MK proliferation and endoreplication was not related t o IL-6 because its IL-6 content was identical t o that of normal plasma and its neutralization did not modify these parameters. In conclusion, this study indicates that liquid culture technique in association with flow cytometry could be a powerful tool in identifying the humoral regulators of human mega karyocytopoiesis. o 1991 by The American Society of Hematology.
Flow cytometry and double-staining techniques have been major technical advances in studies of endoreplication and permit a quick and easy measurement of ploidy, volume, and immunophenotype of a large number of They can be combined with liquid culture techniques that have the advantage of obtaining MK arising from the differentiation of CFU-MK isolated from different hematopoietic tissues, including peripheral b l o~d . '~, '~ This technique also permits the study of modulation of ploidization by known growth factors'' or by as yet unknown humoral factors that may regulate terminal MK diffferentiation.
In this study, we have used an improved liquid culture for human MK recently describedI6 to investigate the effect of recombinant human interleukin-3 (rhIL-3), granulocytemacrophage colony-stimulating factor (GM-CSF), and plasma from patients with aplastic marrows (AP) on proliferation, endoreplication, and cytoplasmic maturation of adult MK.
~~. l 0 -1 2
MATERIALS AND METHODS
Bone marrow samples were aspirated from donors for bone marrow transplantation after informed consent. They were collected into sterile syringes containing preservativefree heparin (50 UImL; Roche, Paris, France). Low-density cells Low-density marrow cells ( < 1.077 g/mL) were cultured in the presence of 10% AP (a), or AP plus rhlL-3 (10 UlmL) (b), or AP plus rhGM-CSF (2 ng/mL) (c), for 10 days and analyzed after double staining by flow cytometry. MK, 10,000 to 50,000, were analyzed in each experiment. Each experiment corresponds to different normal marrow samples and different batches of AP. CO, fully humidified atmosphere at 1 x lo6 cells/mL. Therefore, in most experiments 1 x lo7 cells were cultured. From day 5 of culture, flasks were changed daily to enhance the proportion of MK by removing adherent macrophages. When a marked cell proliferation was observed, especially in culture with rhIL-3 or GM-CSF where the number of granulocytic precursors and macrophages greatly increased, new complete medium was added at day 7 to readjust cell concentration to 1 x lo6 as in control cultures. Cells were processed for flow cytometry at day 10 or 11 of culture. To test the precise effects of rhIL-3 and AP on ploidy, rhIL-3 was added to cultures initiated with AP after 7 days of culture. Inversely, cells grown in the presence of rhIL-3 were washed at day 7 of culture and were grown for 4 more days in AP alone.
Several neutralizing rabbit polyclonal antibodies were used: antibodies against granulocyte CSF (G-CSF) and macrophage CSF (M-CSF) were purchased from Genzyme (Boston, MA); antibodies against GM-CSF, rhIL-3 and erythropoietin (Epo) were generous gifts from Genetics Institute, and Dr N. Casadevall (INSERM U 152, Paris, France). The goat antibody against IL-6 was a generous gift from Dr S. Poole (Hertfordshire, UK) and was raised against rhIL-6 kindly provided by Drs T. Kishimoto and T. Hirano (Osaka, Japan). The antibody against IL-6 was added alone or pooled with the other antibodies to neutralize their possible activities present in AP or PPP. The antibody against rhIL-3 was also used to neutralize the Neutralization of growth factors.
residual rhIL-3 present in supernatant from bone marrow cultured for 11 days with rhIL-3.
Identification of MK. A double-staining technique was used to measure the ploidy of MK." Cells in the liquid culture system (at day 10 of culture) were fixed by 2% paraformaldehyde (Serva, Heidelberg, Germany) for 20 minutes at 4°C and washed three times in phosphate-buffered saline (PBS) solution without calcium and magnesium (Eurobio).
In first experiments, only one monoclonal antibody (MoAb) directed against GPIIIa was used, but sometimes staining was weak for double-staining experiments. Therefore, for MK identification we used a mixture of six different antibodies that were precisely characterized during the Fourth International Workshop on human leukocyte differentiation antigens (Vienna, Austria, 1989).'* Five of these antibodies recognize determinants of the GPIIb/IIIa complex. Two of them (PL273 -A,, Dr Kaplan, Paris, France; CLB-thromb 7, Dr von dem Borne, Amsterdam, the Netherlands) were directed against the GPIIbiGPIIIa complex (CD41), another (TPSO, Dr Maeda, Saitama, Japan) against GPIIb (CD41), two others (VI-PL2, Dr Knapp, Vienna, Austria; BL-E6 Dr Fiebig, Leipzig, Germany) against GPIIIa (CD61), one (AN51, Dr McMichael, Oxford, Great Britain) recognizes GPIba (CD42b). In the last experiments the BL-E6 antibody was replaced in the mixture by the Y2-51 antibody (anti-GP IIIa, Dr Mason, Oxford, UK). Cells (1 x lo6) were incubated with this pool of MoAbs, each one at a dilution of 1:400 at 4°C for 30 minutes. After three washes, cells were incubated with fluorescein-conjugated goat IgG directed Cultures were performed in 25-cm2 culture flask in 10 mL volume with 10% of PPP or AP. The total number of cells at the onset was 1 x lo7 per flask. At day 10, cell concentration was enumerated with a Malassez counting chamber. The percentage of MK as well as the ploidy distribution were evaluated on the fluorescein or propidium iodide fluorescence, respectively. All other parameters were calculated. In Exp 2, three identical flasks were studied in parallel to calculate the reproducibility of the experiments.
In experiment 1, the two distributions with both PPP were not significantly different as well as those from PPP and AP-3. Distributions between PPP and AP,, AP,, AP,were not identical (x2: 55,10.6, 14; P < ,001; P = .02, .01 > P > .001, respectively).
In experiment 2, the two distributions were not identical by the x2 test (x2: 67, P < For personal use only. on September 14, 2017. by guest www.bloodjournal.org From against mouse Ig (Silenus, Hawthorn, Australia) for 30 minutes at 4°C and washed twice.
Following the above described immunolabeling, cells were washed in PBS and permeabilised by 0.002% Triton X-100 (Sigma) containing 100 pg/mL RNA-se (Boehringer, Mannheim, Germany) in isotonic sodium citrate solution (Merck, Darmstadt, Germany) for 20 minutes. A propidium iodide (Sigma) solution at 50 pg/mL in isotonic sodium citrate containing 100 pg/mL RNA-se (Boehringer) was used for DNA staining for 30 minutes. In these conditions, all nucleated cells were labeled. During the numerous washes, about 30% of the total number of cells were lost. However, there was not preferential loss in MK because the proportion of platelet glycoprotein-positive cells remained constant.
Cells were analyzed by an ATC 3000 flow cytometer (Bruker, Wissembourg, France) equipped by an argon ion laser, tuned to deliver 400 mW at 488 nm. A pair of 90-pm nozzles was applied. To separate the emission spectrum of propidium iodide and fluorescein, a dichroic (560 nm) mirror was used. Filters for red fluorescence (LP 590 nm) and green fluorescence (BP 520/510 nm) were used. For correction of the overlap between the emitting spectra one-fluorochrom stained cells were used. The cell flow rate was 1,500 cells per second.
Fixed peripheral human lymphocytes and standard polystyrene beads (Polysciences, Paris, France) were used for standard. The frequency of MK in different classes was evaluated usually on 10,000 MK (2,000 to 50,000). The ploidy distribution was determined by setting markers at the nadirs between peaks. All ploidy classes over 16 N were counted together because these MK were rare in culture. A linear scale was used so that distances between peaks follow a geometric progression. Volume of MK was measured with an electrical impedance particle counter incorporated in the cell sorter.
DNA staining.

Flow cytometry analysis.
Cell sorting. Low-density marrow cells (< 1.077 g/mL) were depleted in MK by the immunomagnetic bead technique" using an anti-GPIIIa MoAb (Y2-51). Cells were cultured in the presence of AP plus rhIL-3. On day 6 or 7 cultured cells were recovered and sterilly labeled by indirect immunofluorescence with the antiGPIIIa MoAb. MK precursors were sorted using an ATC 3000 equipped with a 70-pm nozzle on two parameters, ie, fluorescence intensity and wide-angle light scattering. Indeed, the threshold of fluorescence intensity was linearly increased in terms of the wide-angle light scatter parameter to exclude granulocytic precursors from the sorting. This sorted population contains more than 98% positive cells when observed with a fluorescence microscope.
Purified cells (2 x lo4) were cultured in 100 pL for 4 more days in different culture conditions to study their ploidy and their ultrastructure.
Unfixed cells (lo') obtained at day 11 of culture were washed twice in Hanks medium at 4"C, were fixed by 1.25% glutaraldehyde in Gey's buffer" for 10 minutes, washed, and incubated in diaminobenzidine medium.*l Cells were then postfixed with osmium tetroxide, dehydrated, and embedded in epon. Thin sections were examined with a Philips CM 10 electron microscope (Philips, Eindhoven, The Netherlands) after lead citrate staining.
IL-6 activity in the culture supernatants was measured using an IL-&dependent hybridoma clone (7TD1), as described by Van Snick et a1F2 Various concentrations (the first concentration being 112) of the culture supernatants were added in triplicate to the 7TD1 cells and cultured for 4 days with or without anti-IL-6 antibody. Cell proliferation was estimated by colorimetric determination.u rhIL-6 was used as an internal standard. One unit per milliliter of IL-6 was defined by the concentration corresponding to the half-maximal growth of 7TD1 cells. In our hands, the lower limit of detection of this test was 0.5 UimL for cell supernatant. When the same sample was examined several times, variability in the measure of IL-6 was about 5% to 15%.
Ultrastmcturul studies.
ZL-6 bioassay.
RESULTS
Determination of the culture conditions for analysis of MK ploidy. In a first set of experiments, we determined the days of culture in which to measure the ploidy distribution using cultures with AP. As previously shown,I6 the initial number of MK was low and declined till day 5. The number of MK began to increase greatly at day 7 and was maximum at day 10 (average six times more at day 10 than at day 7 in three experiments). Their total number was at least a 10-fold increase in comparison to the initial number, therefore demonstrating that new MK were obtained from the differentiation of CFU-MK. The percentage of MK was 6.26% f 3.5% at day 10 of culture on 25 experiments with different AP and marrow samples. Ploidy distribution was measured at different days of culture from day 9 to day 16 in culture of normal marrow. No significant differences in MK DNA distribution were observed during this time and usually ploidy was measured on day 10, because at later days of culture MK were extremely fragile and numerous cell debris were present. After day 11, the number of MK greatly decreased. To demonstrate that MK obtained on days 10 to 11 arise from the differentiation of an MK progenitor, cells were depleted at the onset of the culture in MK and promegakaryoblasts using an anti-GPIIIa MoAb and immunomagnetic bead separation and cultured for 10
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days. The number and the ploidy distribution did not markedly differ from control cultures (data not shown).
Ploidy distributions were different from those of normal marrow (Tables 1 through 3) 32 N, 0.6% * 0.5% > 32 N. Two of these marrows were also studied after culture and gave less than 10% of the MKwith ploidy classes of 8 N or more. To eliminate the second hypothesis, we studied the ploidy distribution after staining cultures with a single MoAb or a pool of MoAbs that permitted a much higher specific fluorescence of MK. No change in the ploidy distribution between the two techniques of labeling was observed. However, the use of a pool of MoAbs proved to be very important in cultures containing IL-3, which promotes the growth of a large number of eosinophilic and basophilic cells. These two cell types gave a substantial autofluorescence that could be more easily separated from the specific one both by the use of the pool of MoAbs and by setting a gate on the wide-angle light scatter (because eosinophils, basophils, and macrophages had much higher values for this parameter than MK). Finally, to be sure of the MK origin of the cells that were analyzed, positive cells were sorted and examined under a fluorescent microscope and 98% had a specific fluorescence labeling. Contaminant cells (2%) were essentially cell debris.
In the first set of experiments on adult marrow, we studied the number and the ploidy distribution of MK grown in liquid culture with A p or normal PPP. In this last condition of culture, MKs represented a low proportion of cultured cells (0.2% to 3.7%) (mean, 1.77% 2 1.5% for 14 experiments) and their absolute number was even lower because total number of cells greatly diminished during culture. The ploidy distribution varied from one culture to another but 8 N and 16 N MKs were present, usually in a small proportion (Table 1) .
Human AP markedly increased the proportion of MK in culture ranging from 1% to 24%, the absolute number of MK (twofold to 20-fold) and could modify the ploidy distribution because 16 N and 32 N cells were slightly more numerous (Table 2) . However, differences between AP and normal PPP were not statistically significant when this comparison was performed on different marrow cultures (Tables 1 and 2 ). This finding could be due to a great variability found from one marrow sample to another and to differences in activity among batches of AP (Fig 1) . The majority of them increased the number of MKs with a ploidy similar to normal plasma, explaining that, overall, the ploidy distribution in the two conditions of culture were very similar; others had a marked effect on ploidy with a low proliferative activity, and still others had both effects. When increasing amounts of a batch of AP that gave only a proliferation were added to normal PPP, the number of MK markedly increased with no significant changes in the ploidy distribution (Fig 2) . A similar result was found with another batch. Therefore, the predominant activity present in AP favors proliferation of MK precursors. To determine that AP has also an effect on MK ploidy, cultures were performed in parallel in the presence of normal PPP and AP on the same marrow sample ( Table 3 ). The number of MK
Effect of PPP and AP.
and ploidy distribution were determined in these two conditions of culture. A significant increase both in the number of MK and a shift towards higher ploidy was observed with 4 of 5 batches of AP. Therefore, the absolute number of 8 N or higher ploidy class MK increased much more than presumed from the ploidy distribution expressed in relative frequency. AP with the highest activities correspond to samples from patients obtained 10 to 20 days after bone marrow transplantation or from patients who remained markedly thrombocytopenic even a long period after bone marrow transplantation. The second part of the study examined the effect of rhIL-3, and of rhGM-CSF alone or in combination with A€' on the ploidy distribution of cultured MK. rhIL-3 (0.01 to 100 U/mL) was first tested in culture containing PPP. It increased the proportion of MK in these cultures up to 8% with a plateau beginning at 10 U/mL and For personal use only. on September 14, 2017. by guest www.bloodjournal.org From even more dramatically enhanced the total number of MK (average 100-fold). Indeed, rhIL-3 induced a massive growth of eosinophilic and basophilic precursors that dilute MK. The total number of cells was increased fourfold to sixfold with rhIL-3 in comparison with control cultures.
Effect of rhIL-3 and GM-CSF on cultures.
However, despite this marked effect on MK proliferation, rhIL-3 failed to produce MK with higher DNA content than 8 N at any concentration ( Table 4) . Furthermore, when rhIL-3 was combined with AP, it increased the MK production from 1.8-to 30-fold, but prevented production of high ploidy MK (Table 2 and Fig 3) . This phenomenon was detected even at very low concentrations of rhIL-3 (0.1 U/mL) with either crude supernatant of the rhIL-3-transfected CHO cell line or the purified material.
To determine whether this result could be due to cell overcrowding, two cell concentrations were cultured, ie, 2 x 10' and 1 x lo6 cells/mL and supplemented new medium was added at days 5 and 7 to maintain the cell concentration constant. Identical results were observed and rhIL-3 continues to diminish the effect of AP on MK endoreplication.
To exclude the possibility that MK obtained with rhIL-3 have a delayed maturation in comparison with those obtained with AP, ploidy distribution was studied at later days of culture (till day 16) and no significant changes were observed (data not shown).
Because MK volume and ploidy were directly correlated, MK obtained in culture with AP and rhIL-3 were smaller than those obtained with AP alone (Fig 4A and B) . Furthermore, MK with the highest ploidy class (8 N) obtained with rhIL-3 had a smaller volume than their counterparts obtained with AP alone (Fig 4) . This result was obtained in seven of 10 experiments. We subsequently investigated whether the effect of rhIL-3 on ploidy was related to the induction of a high MK proliferation. MK were grown in AP for 7 days and rhIL-3 (100 U/mL) was added from day 7 till day 11, when the number and ploidy distribution of MK were studied (Fig 5) . The delayed addition of rhIL-3 had an effect on MK ploidy similar to that when added at the onset of culture, and only slightly increased the total number of MK, in contrast to the effect when added at day 0 (Table 5) . Furthermore, in comparison with AP alone, not only the percentage but the number of MK with a ploidy class of 8 N and over was decreased with rhIL-3 ( Table 5) . Similar results as shown in Fig 5. Effects of rhlL-3 added at day 0 (2) or 7 (3) on the relative ploidy distribution of cultured MKs grown in the presence of AP (1) . Flow cytometry analysis as in Fig 1 or 3 (50,000 MK were analyzed) . Addition of rhlL-3 at day 7 continues t o shift ploidy distribution towards low values. Relative and absolute values of this experiment are reported in Table 5 .
For personal use only. on September 14, 2017. by guest www.bloodjournal.org From rhlL-3 (100 U/mL) was added on day0 (DO) or day 7 (D7). The same number of cells (2 x 10') were cultured in each condition of culture. Cells were daily transfered into new flasks from day 5. On day 11, total number of cells was measured. The number of MK was calculated by multiplying the total number of cells by the percentage of cells labeled by antiplatelet antibodies or by the percentage of MK in each ploidy class. Addition of IL-3 at day 7 only slightly increased the number of MK in comparison with cultures with AP alone. Another experiment was performed that gave essentially identical results. The distributions between 1 and 2 and 1 and 3 are not identical by the xz test (xz, 224 and 51.4; P < ,011, whereas those from 2 and 3 are identical (xz, 4.7; P = 2). Table 5 were observed in a second experiment. An inverse experiment was also performed. rhIL-3 and AP were present for 7 days, and the cells were added and grown in the presence of AP alone. The removal of rhIL-3 during this period partially abrogates its negative effect on endoreplication (data not shown).
Maturation of MK grown from adult marrows with AP or AP plus rhIL-3 was studied by ultrastructural techniques on day 11. Indeed, the great majority of MK grown with rhIL-3 were small and were identified by the presence of platelet peroxidase (Fig 6A) . Most of them were mature MK that synthesize CY granules and demarcation membranes (DM). However, some maturation defects were observed in comparison with MK grown in AP alone (Fig 6B) . Indeed, whereas DM were well distributed in the cytoplasm, cx granules were much less numerous with rhIL-3. Some immature MK were still present and their frequency was slightly higher in culture with rhIL-3 and AP than with AP alone.
The same experiments were performed with rhGM-CSF. Cultures performed in PPP were supplemented with rhGM-CSF, which gave rise to MKs in small number and their ploidy distribution was similar to their respective controls (Table 1) . When AP and rhGM-CSF (2 ng/mL) were combined, rhGM-CSF had no significant effect on MK proliferation and did not modify ploidy distribution in comparison with AP alone (Table 2 ).
In the first set of experiments, we investigated whether rhIL-3 inhibited MK endoreplication through induction of synthesis of another cytokine by searching for the presence of an inhibitor of endoreplication in the culture supernatant.
Cells were grown in the presence of AP, AP plus 10% supernatant of bone marrow cells cultured in AP, and AP plus 10% supernatant of bone marrow cells cultured in AP plus rhIL-3 that had been neutralized for the residual rhIL-3. No inhibition of endoreplication by the supernatant was observed (Table 6 ).
In the second set of experiments, low-density marrow cells were depleted in GPIIIa-positive cells (MK and promegakaryoblasts) and were cultured for 7 days in the presence of AP and rhIL-3. Promegakaryoblasts were purified to 98% homogeneity by cell sorting. These cells were blast cells with a high nuclear cytoplasmic ratio ( Fig  7A) ; some of them having an indented nucleus. Eighty Efects of AP and rhIL-3 on purified MK precursors. percent of them were faintly labeled by an anti-von Willebrand factor (vWF) polyclonal antibody (Fig 7B) . Contaminant cells were constituted by macrophages and granulocytic precursors. About 50 blasts were examined by electron microscopy. The majority of blasts had a round or slightly indented nucleus with large nucleolus and a 12-pm diameter (Fig 7C) . The cytoplasm contained numerous polysomes, few endoplasmic reticulum cisternae, few multivesicular bodies and fat inclusions, but no platelet organelles. Adjacent to the golgi zone, a high concentration of microtubules and coated vesicles were observed (Fig 7C) . Some blasts exhibited one or two cytoplasmic blebs. Thus, by their ultrastructural characteristics, they appeared as undiffferentiated cells. Very rare cells with a size of 18 pm had a bilobulated nucleus and possessed in their cytoplasm few DM and CY granules. These sorted cells were only 2 N and 4 N but did not form MK colonies in semi-solid medium. These cells were cultured for 4 days in the presence of normal plasma, AP, or AP plus rhIL-3, and their ploidy was measured. Ploidy distribution was higher with AP than with normal plasma (Fig 8) and large mature MK could be detected by electron microscopy (data not shown). In the presence of rhIL-3, 2 N MK were detected in a higher number than with AP alone but differences with AP were less striking than with unpurified cells (Fig 8) . Because the sorted cells at day 7 were 2 N and 4 N (more than 99%) we calculated the ratio of 8 N and over 8 N ploidy classes on 2 N and 4 N ploidy classes in different culture conditions. This ratio was 0.19,0.42, and 0.29 with normal plasma, AP, and AP plus rhIL-3, respectively.
The effect of AP on proliferation and endoreplication is not due to IL-6. Because IL-6 has been described as one of the main regulators of megakaryocytopoiesis,*4,D we investigated whether the effects of AP on MK growth and ploidy were due to the presence of IL-6. The content of IL-6 in AP was biologically determined. IL-6 was either undetectable or present in low amounts that did not differ from normal plasma (1 to 10 hybridoma growth factor U/mL in both plasma). No correlation between the content of IL-6 in AP and its effect on in vitro megakaryocytopoiesis was observed. Indeed, for example, a batch of AP with one of the highest activities on proliferation had no detectable IL-6.
Neutralization of the IL-6 present in AP or normal plasma ( < 10 U/mL) with a polyclonal antibody had no effect on proliferation and endoreplication of MK. Addition of Low-density marrow cells (<1.077 glmL) were cultured in the presence of 10% AP (l), plus 10% supernatant from marrow cells cultured for 10 days in the presence of the same batch of AP (21, plus 10% supernatant from marrow cells cultured for 10 days in the presence of the same batch of AP plus rhlL-3 (100 UlmL) (3). In this last case, residual IL-3 was neutralized by an antibody. Cells were cultured for 10 days and analyzed after double staining by flow cytometry. MK, 10,000, were analyzed in each culture condition. The percentage of MK was identical (5% to 5.2%) as well as their absolute number. Both supernatants slightly increased ploidy distribution towards higher ploidy classes. This experiment was performed twice. In the inset, a large MK with a multilobulated nucleus is illustrated. The magnification is identical t o that of the MK in (A). Original magnification ~2,300. At higher magnification, note the numerous a granules (u-Gr) and demarcation membranes (DM), which are regularly distributed. The platelet peroxidase reaction is present in small cisternae of the endoplasmic reticulum (arrows). Large multivesicular bodies (Mb) are also seen. Original magnification ~24,000.
neutralizing antibodies against rhIL-3, GM-CSF, G-CSF, Epo, and M-CSF as well as the antibody against IL-6 did not inhibit proliferation and did not significantly change ploidy distribution (Fig 9) .
DISCUSSION
Regulation of megakaryocytopoiesis is much less well understood than that of the other hematopoietic cell lineages. This lack of understanding might be related to two aspects of megakaryocytopoiesis: firstly, platelet production may be regulated by several sensors leading to secretion of several growth factors; secondly, the amplification of platelet production may occur during early and late phases of differentiation. It is not yet clear whether these two phenomena are interrelated6 or independent. Therefore, studies of megakaryocytopoiesis require in vitro systems that permit the measurement of both proliferation and endoreplication. MK can be obtained in liquid culture from but was unable to induce endoreplication. Mazur et aIx have also observed that in a semi-solid assay MK grown in the presence of IL-3 have a low ploidy distribution. In this report, we obtained direct evidence that IL-3 inhibits polyploidization because it totally abrogates the effects on endoreplication supported by either normal or aplastic plasma. In parallel with its effect on ploidy, IL-3 decreases the volume of MK. This effect of IL-3 is not related to a blockage in the terminal differentiation process (the majority of small MK obtained with IL-3 have ultrastructural cytoplasmic markers of terminal differentiation, such as a granules and DM) or to a delayed maturation (their ploidy distribution did not increase during later days of culture). Therefore, it appears that IL-3 in CFU-MK semi-solid or liquid cultures inhibits endoreplication of MK but not MK maturation. The presence of a high frequency of mature MK with 2 N and 4 N ploidy classes suggests that IL-3 is not a physiologic regulator or megakaryocytopoiesis in the adult. In contrast, mature MK with small size and a low ploidy are frequent in the fetus."." This effect of IL-3 The relative frequency is illustrated. Similar results were obtained when the absolute number of MK in each ploidy class was calculated. An antibody against 11-6 was used alone or associated t o antibodies against IL-3, GM-CSF, G-CSF, M-CSF, and Epo. Each antibody was used at a concentration t o neutralize 1,000 U/mL of the respective growth factor in the plasma except for Epo. For this last factor a concentration of antibody t o neutralize 50 U/mL was used. Control was an irrelevant rabbit anti-serum at the same concentration (cAb). AP (H) or 10% AP plus 100 U/mL rhlL-3 (El). Ploidy was studied at day 11 (5,000 t o 10,000 MK could be analyzed). Two experiments were performed that gave very similar results.
seems direct because supernatant from bone marrow grown in the presence of IL-3 did not inhibit endoreplication, and that an inhibition of ploidization was also found on purified MK precursors but to a lesser extent than on unpurified cells. Therefore, we cannot totally exclude the possibility that a part of the effect on endoreplication induced by IL-3 is mediated by another factor. In contrast, when added to individual maturing murine MK, IL-3 increases their size and presumably their ploidy." To explain this paradoxical effect, Mazur et al have hypothesized that an inverse relationship between mitosis and endomitosis exists during MK differentiation.6VB This hypothesis is also different from the model proposed by Paulus et a1,4 who suggest a compartmentalization of MK progenitors with a different probability of endoreplication. The present data suggest that proliferation and endoreplication may be independently regulated because addition of IL-3 on promegakaryoblasts (a 2 N cell expressing platelet glycoproteins and unable to form MK colonies) abrogates endoreplication, and that inversely addition of AP during late differentiation
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For personal use only. on September 14, 2017. by guest www.bloodjournal.org From was able to reverse the effect of IL-3 after its removal. Our results on the action of IL-3 may differ from previous ones33 because we have been working with promegakaryoblasts or progenitors and not with polyploid MK as before. Therefore, it can be hypothesized that IL-3 favorizes proliferation on an MK progenitor by inhibiting a switch from a mitotic to an endomitotic process, but may increase the number of endomitosis in maturing MK precursor.
Whether the effects of AP on the mitotic and endomitotic processes are related to two regulators (an MK-CSF and a thrombopoietin-like factor) or to one factor (MK-CSF) that may act on these two parameters remains unknown. On the one hand, it has been shown that a semi-purified MK-CSF promotes MK-colony formation and increases the ploidy of MK6326; on the other hand neutralizing antibodies against a humoral MK-CSF did not alter the effects of AP on terminal MK differentiati~n.~~,~' Variability of the effects on proliferation and endoreplication among batches of AP suggests the presence of two types of factors. However, we could not abrogate the effects of proliferation and endoreplication of AP by neutralizing IL-6, which has been recently demonstrated to be an MK-CSF36"7 or a thrombopoieticlike activity? as well as five other hematopoietic growth factors. Therefore, the present results suggest the presence of factor(s) in AP different from IL-6 that regulate(s) proliferation and endoreplication of MK and suggest that IL-6 is not the humoral regulator produced in response to thrombocytopenia. A similar type of factor has been found recently in induced thrombocytopenia of the rat38 and may correspond to thr~mbopoietin.~~
In conclusion, the present technique appears to be a more powerful tool than the CFU-MK assay in studying the different regulatory events occurring during megakaryocytopoiesis and identification of humoral factor(s) present in AP that favor proliferation and polyploidization of MK in response to changes in platelet mass.
